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The ionosphere is a highly variable and complex physical 
system. It is produced by ionizing radiation from the sun
and controlled by chemical interactions and transport by 
diffusion and neutral wind.







seven important constituents of the ionosphere - ionized forms of six gases plus free 
electrons  - still more neutral 

The various regions of the ionosphere have higher concentrations of charged particles 
(ions) than do other parts of the thermosphere, which consists mostly of electrically 
neutral atoms and molecules 





A nice summary of our current 
understanding









Products demo

Auroral power
Auroral oval
TEC map
CTIPe products
HF absorption map

Scintillation index S4
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Radio scintillation is the term used to represent the random fluctuations in 
signal phase and amplitude that develop when the radio waves propagate 
through ionospheric electron density irregularities. A measure of the 
degree of scintillation in the strength of a signal is the quantity S4 [Yeh 
and Liu, 1982], which describes the root-mean-square fluctuations in 
signal intensity, normalized by the average signal intensity:

Irregularly structured ionospheric regions can cause 
diffraction and scattering of trans-ionospheric radio 
signals. When received at an antenna, these signals 
present random temporal fluctuations in both amplitude 
and phase. This is known as ionospheric scintillation.

Severe scintillation of the GPS satellite signals can result 
in loss of satellite tracking, which degrades GPS 
positioning accuracy. Even when satellite tracking is 
maintained, scintillation can cause errors decoding the 
GPS data messages, cycle slips, and ranging errors.





equatorial scintillation can occur even 
during relatively quiet conditions.

Generally, the region between 250 and 400 km, known as the F-
region of the ionosphere, contains the greatest concentration of 
free electrons. At
times, the F-region of the ionosphere becomes disturbed, and 
small-scale irregularities develop. When sufficiently intense, 
these irregularities scatter radio waves and generate
rapid fluctuations (or scintillation) in the amplitude and phase of 
radio signals. Amplitude scintillation, or short-term fading, can 
be so severe that signal levels drop below a GPS
receiver’s lock threshold, requiring the receiver to attempt 
reacquisition of the satellite signal. Phase scintillation, 
characterized by rapid carrier-phase changes, can produce
cycle slips and sometimes challenge a receiver’s ability to hold 
lock on a signal.

Scintillation activity is most severe and frequent in and around 
the equatorial regions, particularly in the hours just after sunset. 
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More prevalent at night  - daytime EPB has also been observed. 

Plasma bubbles are, in general, a nighttime phenomenon in the equatorial 
ionosphere [Woodman and La Hoz , 1976; Fejer and Kelley , 1980; Kelley , 
1989]. The vertical plasma drift in the equatorial F  region is upward during 
daytime and often shows an enhancement after sunset before it turns 
downward [Fejer et al ., 1991, 2008]. This prereversal enhancement in the 
vertical plasma drift moves the F  region to higher altitudes and increases the 
growth rate of the Rayleigh-Taylor instability. 2010]. 



March 3, 2010 - equatorial bubble is likely the cause of 
scintillation effects that affected military operations. 

Scintillation activity was greatest during the 
equinoxes and solar maximum, although scintillation 
at Antofagasta, Chile was higher during 1998 rather 
than at solar maximum.  Steenburgh et al., Space 
Weather, 2008



New generation model: Moving to JBH09 
(2009) atmospheric density model

Uses solar data from SET web sites
Includes 11 indices F10, S10, M10, Y10, F10-

bar, S10-bar, M10-bar, Y10-bar, ap, Dst, 
Dtc





A nice summary of our current 
understanding




